Obesity is associated with an increased risk for developing type 2 diabetes, insulin resistance, hypertension, dyslipidemia, cardiovascular disease, respiratory dysfunction, and certain forms of cancer. Insulin resistance in many type 2 diabetic patients is the result of increased visceral adiposity. To identify novel genes implicated in type 2 diabetes and/or obesity and to elucidate the molecular mechanisms underlying both diseases, we analyzed gene expression in omental fat from lean and obese nondiabetic subjects and obese type 2 diabetic patients using mRNA differential display and subtracted library techniques. After screening over 13,800 subtracted cDNA clones and 6,912 cDNA amplification products, we identified 2,078 cDNAs that showed potential differential expression in the omental fat of lean versus obese nondiabetic subjects versus obese type 2 diabetic patients. Data analysis showed that 70.7% of these clones corresponded to unknown genes (26.7% matched express sequence tags [ESTs]) and 29.3% corresponded to known genes. Reverse Northern and classic Northern analyses further confirmed that the expression of five of these cDNA clones was elevated in obese nondiabetic subjects and obese type 2 diabetic patients. Four candidate genes were further evaluated for tissue distribution, which showed expression primarily in adipose and skeletal muscle tissue, and chromosomal localization. We concluded that both mRNA differential display and subtracted cDNA libraries are powerful tools for identifying novel genes implicated in the pathogenesis of obesity and type 2 diabetes.
T ype 2 diabetes and obesity are multifactorial diseases associated with an increased risk of mortality from cardiovascular pathologies. There is a strong link between obesity and type 2 diabetes. Obesity worsens insulin resistance, one of the fundamental causes of type 2 diabetes, and the risk of developing diabetes increases exponentially in subjects with a BMI Ͼ28 kg/m 2 (1) . Moreover, abdominal obesity and a low metabolic rate seem to precede the development of insulin resistance in offspring of type 2 diabetic patients (2) .
The association of obesity with type 2 diabetes and insulin resistance is stronger when there is central abdominal distribution of fat, rather than with general increase in fat mass (3) . Central adiposity, like hyperinsulinemia and insulin resistance, not only accompanies but also antedates type 2 diabetes (4). Recent advances in the biology of adipose tissue have revealed that in addition to storing energy as fat, adipose tissue also secretes a variety of molecules into the blood stream that affect the metabolism of the whole body. It has been suggested that increased production of cytokines (5), leptin (6) , or free fatty acids (7) by visceral fat in obesity may contribute to changes in systemic metabolism. These factors may play an important role in inducing insulin resistance in insulin-sensitive tissues, acting via a paracrine, endocrine, or autocrine mechanism. Nevertheless, the underlying molecular mechanisms that relate visceral fat accumulation to insulin resistance and type 2 diabetes are poorly understood.
To identify the adipose-specific genes associated with insulin resistance and type 2 diabetes, we applied differential display mRNA and subtractive library techniques to analyzing gene expression profiles in human omental adipose tissue from lean and obese nondiabetic subjects and obese type 2 diabetic patients. This approach led us to identify four genes that were preferably expressed in insulin-sensitive tissues and were truly modulated in obese nondiabetic subjects and/or obese type 2 diabetic patients. We also determined the chromosomal localization of these genes.
tained from all patients used in the study before tissue collection, and the protocols were approved by the Institutional Review Board at Eastern Carolina University. Donors were categorized as lean nondiabetic, obese nondiabetic, or obese type 2 diabetic based on presurgical examinations and records (Table 1) . Obesity was defined as a BMI Ն27 kg/m 2 , and the presence of type 2 diabetes was determined according to the new World Health Organization criteria (fasting plasma glucose Ͼ126 mg/dl and a 2-h glucose tolerance test Ն200 mg/dl). RNA isolation. Total RNA was extracted from human tissue by homogenization using a Polytron LS 10-35 (Kinematica, Cincinnati, OH) followed by guanidinium isothiocyanate-phenol chloroform extraction (8) . The quality of the RNA was verified by ethidium bromide staining of rRNA bands on a minigel. To remove contaminating DNA from the RNA preparations, samples were incubated with Rnase-free DNase I (MessageClean Kit; Genhunter, Nashville, TN) for 30 min at 37°C and then extracted with phenol:chloroform. mRNA differential display. Differential display was performed as described by Liang and Pardee (9) with some modifications. First, strand cDNA was synthesized from 2 g of total RNA isolated from four obese nondiabetic, four obese type 2 diabetic, and four lean nondiabetic patients by oligo-dT priming using the Superscript Preamplification kit (Gibco/BRL, Gaithersburg, MD) in a final volume of 20 l. Three reverse-transcription reactions were performed in duplicate for each RNA sample using one baseϪanchored oligo-dT primers (T 12 A, T 12 C, and T 12 G). The resulting cDNA was amplified using 32 decamer arbitrary primer sets. Using cDNA diluted 1:25, duplicate polymerase chain reaction (PCR) reactions were assembled with a Genesis RSP 150 robotic sampler (Tecan, Research Triangle Park, NC) to a final concentration of 10 mmol/l Tris-HCl (pH 8.3), 1.5 mmol/l MgCl 2 , 50 mmol/l KCl, 2.5 mol/l dNTP, 1 Ci of [␣-33 P]dATP (Dupont-NEN, Boston, MA), 1 unit/l of AmpliTaq DNA polymerase (Perkin-Elmer, Foster City, CA), 0.2 mol/l of decamer arbitrary primers, and 2 mol/l of the respective one baseϪanchored oligo-dT. Reactions were then subjected to the following PCR conditions: initial cycle of 92°C for 2 min; followed by 40 cycles composed of 92°C for 15 s, 40°C for 2 min, and 72°C for 1 min; and a final extension of 72°C for 5 min. Subsequently, PCR products were separated on a 6% TBE/urea sequencing gel for 3 h at 1,700 V. Gels were dried and exposed to X-OMAT X-ray film (Eastman Kodak, Rochester, NY). Differential gene expression was assessed as the presence or absence of bands in one, two, or three groups of patients (n ϭ 4 in each group). Reamplification, cloning, and sequencing of cDNA. To characterize differential display products, bands of interest were excised from the gel, boiled for 5 min in distilled H 2 O, and purified over a Centricon50 column (Amicon, Beverly, MA). Samples were then reamplified to confirm the size and specificity of the primer sets used in the display. Reamplified bands were ligated into pCR 2.1-TA-TOPO cloning vector (Invitrogen, San Diego, CA) and transformed into DH5a (Gibco/BRL). For each clone, 10 colonies were picked and amplified in Lawry broth, and the plasmid was isolated (QIAprep; Qiagen, Valencia, CA). Clones that contained inserts were submitted for automated cycle sequencing (Lilly DNA Technology Group, Indianapolis, IN). All sequences were analyzed using BLAST and FASTA against GenBank, EMBL, and Lilly proprietary databases to determine sequence identity and tissue distribution. Generation and screening of subtractive cDNA libraries. Total RNA was isolated from omental adipose tissue from four obese nondiabetic and four obese type 2 diabetic female patients (Table 1) by guanidinium isothiocyanatephenol chloroform extraction. cDNA was synthesized from total RNA using the SMART cDNA Synthesis Kit (Clontech, Palo Alto, CA), and subtracted cDNA libraries were generated from obese nondiabetic minus obese type 2 diabetic and obese diabetic minus obese nondiabetic omental adipose tissue by suppression PCR (Clontech). Then ϳ9,200 independent clones from obese nondiabetic minus obese type 2 diabetic and 4,600 from obese diabetic minus obese nondiabetic were randomly picked into 96-well plates and arrayed in duplicate onto charged nylon membranes (Amersham, Piscataway, NJ) using a PBA Flexys robot (Genomic Solutions, Ann Arbor, MI). Clones were identified by differential hybridization to 33 P-labeled cDNA probes generated by reverse transcription of 10 g of total RNA (isolated from the same patients used to construct the library) by oligo-dT priming, using the Superscript Preamplification Kit (Gibco/BRL) (Fig. 3) . Image analysis was performed using a Personal FX Phosphorimager and AIS (Imaging Research, ON, Canada) imaging software for colony arrays.
Plasmid cDNA of potentially differentially expressed clones was alkaline denatured, rearranged in duplicate, and probed as above. Putative differen- tially expressed clones were sequenced and subjected to database analysis. Clones of interest were probed again on reverse Northern analysis. Databases analysis. Sequences obtained from the mRNA differential display and the subtractive cDNA libraries were clustered using CAP2 to remove redundancy (10) . Sequences were then compared with dbEST and public nonredundant nucleic acid and protein databases (National Center for Biotechnology Information) using BLASTN and BLASTX algorithms with repetitive sequences masked. Those sequences with Ͻ50 base pairs of unmasked identity to these databases were designated as unique. Sequences were translated and analyzed for potential open reading frames, protein motifs, and features (i.e., signal peptide signatures). Reverse Northern analysis. Clones were amplified using either vector primers (M13) or gene-specific primers and run on a 1% agarose gel. The DNA was transferred using downward transfer (Turboblotter; Scleicher & Schuell, Keene, NH) in 0.4 mol/l NaOH/3 mol/l NaCl for ϳ4 h to Nytran membranes (Scleicher & Schuell). The membranes were washed and then ultravioletly cross-linked (Stratalinker; Stratagene, San Diego, CA). Membranes were prehybridized overnight in DIG EasyHyb hybridization solution (Boehringer Mannheim) with 100 mg/ml of salmon sperm DNA at 37°C. cDNA probes were generated using oligo-dT primers by reverse transcription. Blots were hybridized for 48 h at 37°C, followed by three washes at room temperature and three washes at 50°C in 0.1 ϫ sodium chlorideϪsodium citrate (SSC), 0.1% SDS for 30 min. Membranes were analyzed using a Personal FX Phosphorimager and QuantityOne software (BioRad, Hercules CA). Northern blot analysis. Pooled total RNA (30 g) derived from omental adipose tissue of lean nondiabetic, obese nondiabetic, and obese type 2 diabetic subjects was resolved on a 1.2% agarose/formaldehyde gel and transferred to a Nytran-plus membrane (Scleicher & Schuell) overnight in 20 ϫ SSC. RNA was cross-linked to the membrane using an ultraviolet cross-linker (Stratalinker, Stratagene). Prehybridization was carried out in DIG EasyHyb hybridization solution (Boehringer Mannheim) as recommended by the manufacturer before adding 10 6 cpm/ml of denatured probe. After hybridization, the membranes were washed twice in 2 ϫ SSC, 0.05% SDS at 25°C for 30 min, and 0.1 ϫ SSC, 0.01% SDS at 50°C. Membranes were quantified as described for reverse Northern analysis using a Personal FX Phosphorimager and QuantityOne software (BioRad). As a control, the membranes were reprobed with an S9 human ribosomal protein cDNA (Clontech). Data were quantified as densitometric units and values were normalized to signal obtained with the S9 human ribosomal. Generation of probes for Northern blot analysis. To generate radioactive probes for Northern blot analysis, we digested the plasmids with EcoRI and purified the inserts from the agarose using QIAquick columns (Qiagen) or we amplified the cDNA using gene-specific primers. Then 50 ng of DNA were labeled by the random primer method (Gibco/BRL) using [␣-
32 P]dCTP (Dupont-NEN). Free nucleotides were removed by centrifugation through a ChromaSpin TE-100 column (Clontech). Multitissue RNA analysis. To determine the tissue distribution of the candidate genes, we analyzed polyA ϩ RNA or total RNA from human tissues using multiple tissue Northern (MTN) blots (Clontech) or Northern territory blots from Invitrogen. MTN blots contained 1 g of poly A ϩ RNA from brain, heart, skeletal muscle, colon, thymus, spleen, kidney, liver, small intestine, placenta, lung, and peripheral blood leukocytes. The Northern territory blots contained 20 g of total RNA from esophagus, stomach, intestine, colon, uterus, placenta, bladder, and adipose tissue. The blots were analyzed by hybridization with radiolabeled probes as described for Northern blot analysis. Hybridizations were performed in ExpressHyb (Clontech) according to the manufacturer's instructions. As a control, the membranes were reprobed with cDNA for ␤-actin. Data were quantified as densitometric units normalized per ␤-actin gene signal. Chromosomal localization. Genomewide radiation hybrid analysis was performed with the Stanford Radiation Hybrid (RH) G3 panel (Research Genetics, Huntsville, AL). This panel contains 83 whole genome radiation hybrids formed by somatic cell hybrids containing portions of the human genome on a hamster background (11) . The presence of the EST in the 83 RH cell lines and three controls (Chinese hamster genomic DNA, human genomic DNA, and no DNA) was determined by PCR using gene-specific oligonucleotides. The PCR reaction reagents were 0.4 mmol/l of gene-specific primers and 1 ϫ Platinum PCR SuperMix (Gibco-BRL). Each sample was amplified in duplicate and analyzed by agarose gel electrophoresis. Gels were scored for the presence or absence of positive PCR products at the expected size, and only products present in duplicate were scored as positive. Results were submitted to the RH mapping e-mail server at Stanford Human Genome Center (SHGC) for two-point maximum likelihood analysis. This allowed determination of logarithm of odds (LOD) scores for each EST versus the 954 SHGC framework markers.
RESULTS
Identification of differentially expressed human omental fat genes. To identify alterations in gene expression associated with obesity and type 2 diabetes using the mRNA differential display, we isolated total RNA from omental fat of four lean, four obese nondiabetic, and four obese type 2 diabetic patients. For each RNA, 96 combinations of primer sets made of three one baseϪanchored oligo-dT primers (T12A, C, and G); 32 decamer arbitrary primers were used to obtain differential display bands. Reactions were performed in duplicate to minimize false positives (Fig. 1) . A total of 51 bands showing differential expression in at least two out of four patients in one group were selected and excised from the gels (DD1-51). These fragments were purified, reamplified, cloned, and sequenced as described in RESEARCH DESIGN AND METHODS. After sequencing and comparison of the 51 cDNA fragments with Genbank and Lilly proprietary databases, 2 corresponded to mitochondrial genes, 10 did not reamplify, and 8 were identical to known genes. Of those eight known genes, it has been suggested that the complement C3 precursor may affect lipid metabolism and that plasma retinol-binding protein (RBP) and ornithine decarboxylase may be associated with type 2 diabetes ( Table 2 ). The 31 remaining sequences were either highly homologous to public ESTs (51.6%) or were not contiguous with any known genes (48.4%) ( Table 3 ). In all the clones, the sequence of the primers used for the differential display was present. Interestingly, a large number of those clones had the same primer on both ends.
To generate the subtractive cDNA libraries, total RNA was isolated from omental adipose tissue from four obese nondiabetic and four obese type 2 diabetic female patients, and was used for cDNA synthesis and construction of the libraries. We randomly picked ϳ9,200 independent clones from obese nondiabetic minus obese diabetic and 4,600 from obese diabetic minus obese nondiabetic subjects from omental adipose cDNA libraries; these were arrayed in duplicate onto charged nylon membranes and hybridized with labeled probes derived from the same patients used to construct the libraries. This analysis indicated that the 13,800 clones included 2,039 distinct fragments corresponding to putative differentially expressed RNAs (Fig. 2) . Plasmid cDNAs of these potentially differentially expressed clones were arrayed in duplicate, reprobed, sequenced, and subjected to BLAST analysis. As shown in Table 3 , 600 (29.4%) of these clones corresponded to known genes. These included genes previously known to be differentially expressed in obesity and/or type 2 diabetes as well as genes that had not been previously recognized to be modulated in these diseases ( Table 2) . The remaining 1,439 (70.6%) sequences were classified as novel, representing either nearly exact matches with ESTs (539 clones) or previously unreported sequences (900 clones) ( Table 3 ). Based on the sequence information and a differential expression of Ͼ1.5-fold, we selected 195 clones to be followed up and validated by reverse Northern analysis. Confirmation of differential expression in obesity and type 2 diabetes. To confirm differential expression of the newly identified genes, 28 candidates from the differential display analysis and 195 from the subtractive libraries were selected and analyzed by reverse Northern analysis (four independent experiments). A total of 26 genes, 12 from the differential display and 14 from the subtractive libraries, displayed greater than threefold differential expression among lean nondiabetic, obese nondiabetic, and obese diabetic patients (Fig. 3) . As a final validation for the differential expression of these candidate genes and to identify transcript size, we used the more reliable and accurate technique of classic Northern blot analysis. Pooled total RNA derived from omental fat of 7 lean nondiabetic, 17 obese nondiabetic, and 12 obese type 2 subjects was resolved on a 1% agarose/formaldehyde gel, transferred to a Nytran-plus membrane, and hybridized with the relevant radiolabeled cDNA. To test whether the gene expression pattern in the omental fat of the patients used in this study was representative of the general human population with obesity and type 2 diabetes, we performed a Northern blot analysis using leptin as a probe. Leptin mRNA levels were increased by 8.17-and 1.71-fold in type 2 diabetic patients versus lean and obese patients, respectively (Fig. 4A) . These results concurred with those in a previous report (12) , validating our subset of patients as representative of the human population presenting these diseases.
Of the 26 candidate genes, 13 showed a visible hybridization signal. The remaining 13 genes showed either no signal or a smear on the blot, despite prolonged exposure. As shown in Table 4 , five novel genes shared a common pattern profile of increased expression in fat of type 2 diabetic patients and a more variable expression in obese nondiabetic subjects. In the fat of obese nondiabetic patients, the expression of these genes was either comparable to (3001, decorin) or lower (3345, DD5, DD19, DD44) than that in type 2 diabetic subjects, and either similar to (2024, DD5) or higher (3001, decorin, 3345, DD19, DD44) than expression levels in fat from lean nondiabetic subjects. Five genes did not show significant differences in their mRNA levels, and two genes (2040, 2024) were upregulated in obese nondiabetic patients when compared with lean nondiabetic and obese type 2 diabetic patients.
Based on the level of differential expression, four clones-2040 (Fig. 4B), 3345 (Fig. 4C), DD5 (Fig. 4D) , and DD19 (Fig. 4E) -were chosen for tissue distribution analysis. None of these cDNAs showed homology with published sequences in public and proprietary databases. We chose not to pursue gene 2024, although it showed significant differential expression, because the results did not confirm the original findings from the subtracted library.
DD19 and 2040 were electronically extended using public and proprietary databases. DD19 electronic extension yielded a putative gene sequence with high homology to a published sequence (GenBank accession #AR062278) from patent U.S. 5843716, which encodes for a proline-rich membrane protein. Full-length cloning by PCR, using primers that matched the electronically extended sequences, confirmed that DD19 represented a partial cDNA of the published sequence. Electronic extension of 2040 followed by PCR yielded a longer fragment (4 kb) but did not match any known sequence; 3345 and DD5 did not extend electronically. Tissue distribution. To analyze tissue distribution of the candidate genes (2040, 3345, DD5, and DD19), we performed Northern blot analysis using polyA ϩ RNA or total RNA from human tissues. As expected, expression of all candidate genes was higher in adipose tissue than in other tissues. The transcript of 2040 gene was 10 kb in length and was uniquely expressed in adipose tissue (Fig. 5A) , whereas the 3.6-kb transcript of 3345 was also detected at significant levels in total RNA from human placenta (Fig.  5B) . A 2.6-kb transcript was identified for DD19, which was predominantly expressed in RNA from human adipose tissue (Fig. 5C ) and human skeletal muscle (not shown). A lower expression of this gene was found in RNA of human heart (not shown). The DD5 gene, whose transcript was 4.4 kb in length, was highly expressed in RNA from human skeletal muscle (Fig. 5D ) and adipose tissue (not shown). Chromosomal localization. DD5, DD19, 2040, and 3345 genes were selected for PCR-based radiation hybrid analysis. All the candidate genes mapped on the RH panel were linked to Genethon meiotic linkage markers with a LOD score Ͼ6; their cytogenetic location was estimated by the genetic markers flanking the mapped genes. DD5 was mapped to the short arm of chromosome 6, close to marker AFM 203yg7 in the 6p21 region; DD19, to chromosome 2, approximately in the cytogenetic location 2q34 -2q35; 3345, to chromosome 17, close to marker AFM 191xh6, approximately in the cytogenetic location 17p11; and 2040, to chromosome 3, close to marker D3S1620, approximately in the cytogenetic location 3p25. 
Expression levels of the candidate genes (displaying Ͼ1.5-fold differential expression by reverse Northern analysis) and leptin among lean (L), obese nondiabetic (O) and obese type 2 diabetic (D) patients determined by Northern blot analysis. *Sequence is Genbank accession or clone matches number. Leptin expression was increased by 8.2-and 1.7-fold in D patients vs. L and O subjects, respectively. NSD, no significant differences.
DISCUSSION
In the present study we applied mRNA differential display and subtractive cDNA library techniques to identify genes that are differentially expressed in omental adipose tissue of patients with type 2 diabetes and/or obesity. The need for this approach arose from the observation that the insulin resistance preceding type 2 diabetes can be acquired as a result of obesity, particularly upper-body obesity with the subsequent accumulation of visceral fat (4). Furthermore, several substances produced by adipocytes have been implicated in the etiology of insulin resistance, such as circulating free fatty acids as well as tumor necrosis factor-␣ (TNF-␣) and leptin (5-7). Despite evidence suggesting an active role of visceral fat in the development of type 2 diabetes, to our knowledge this is the first study reporting the application of these techniques to identifying novel genes associated with obesity and type 2 diabetes in human omental adipose tissue. Using mRNA differential display and screening of subtracted cDNA libraries, we isolated 2,078 distinct fragments that seemed to be differentially expressed. Of those, 608 corresponded to known genes and 1,470 to novel sequences either homologous to ESTs in the public database or previously unreported sequences. Most of the known genes that we identified affect lipid metabolism or encode for proteins of the complement system, with some of these genes being involved in other cell functions. Confirmation of gene expression is one of the crucial steps after mRNA differential display or subtracted libraries. A large number of false-positive bands may be present on differential display, and false-positive clones may be found in the subtractive libraries. A variety of methods to reduce false positives have been used in different laboratories. The most commonly used and most reliable technique is classic Northern blot analysis. However, Northern blot analysis requires relatively high quantities of RNA. This becomes problematic when dealing with difficult-toobtain human tissue. For this reason, we initially used reverse Northern analysis, which requires less RNA, to eliminate most of the false-positive clones. For the most promising clones, we reconfirmed the results using classic Northern blot analysis.
The complement C3 precursor gene was found by both differential display (DD43) and screening of the diabetic minus obese nondiabetic library (clone #3481) to be upregulated in type 2 diabetic patients. The interaction of complement C3 protein with factor B and adipsin results in the cleavage of complement C3-generating acylationstimulating protein (ASP) (13) . ASP can actively stimulate triacylglycerol synthesis in human adipocytes and plays an essential role in the normal clearance and disposition of dietary fatty acids. Recently, a study reported that plasma levels of ASP were significantly higher in obese subjects compared with lean subjects (14) , and mRNA levels of ASP have been found to be higher in visceral fat compared with abdominal subcutaneous adipose tissue in obese individuals (15) . Taken together, these data may indicate an involvement of the ASP/adipsin pathway in the pathogenesis of obesity and type 2 diabetes.
Fatty acidϪbinding protein (FABP)-2 was also upregulated 10-fold more in omental adipose tissue of obese nondiabetic versus type 2 diabetic patients in our study (clone #205, confirmed by reverse Northern analysis; data not shown). Genetic studies have suggested that FABP2 does not represent a major gene for type 2 diabetes, but does seem to be related to the metabolic insulin-resistance syndrome (16 -18) .
DD7, a gene in our study that was found to be upregulated in omental fat of type 2 diabetic patients, shows a high homology to plasma RBP. Human plasma RBP is encoded by a single gene and is known to be synthesized by the liver. The function of this protein is to deliver retinol from liver stores to peripheral tissues. In plasma, the RBP-retinol complex interacts with transthyretin, which prevents its loss by filtration through the kidney glomeruli (19) . After delivering retinol to target cells, the RBP is rapidly cleared from the circulation by the kidney. One study reported elevated levels of RBP in type 2 diabetic subjects, particularly in those with higher nonfasting insulin levels (20) . It is not clear what the significance of adipocyte-derived RBP is because the main site of synthesis is the liver, but it could merely be an indicator of metabolic control in these patients. Alternatively, because RBP plays an important physiological role in retinol transport and recycling, the expression of RBP in adipose tissue, a vitamin A target tissue, may reflect the extent of retinoid metabolism in type 2 diabetic patients.
In our search for novel genes associated with obesity and type 2 diabetes, we have also found differentially expressed genes encoding proteins involved in protein metabolism, such as glutamine synthetase, and genes encoding for structural proteins, such as decorin and laminin. We found that glutamine synthetase, an enzyme that forms glutamate from glutamine, was upregulated in omental fat from type 2 diabetic patients. To our knowledge, this is the first study to show increased levels of this enzyme in adipose tissue. It has been previously reported that glutamine synthetase activity and mRNA levels were elevated in muscle from streptozotocin-induced diabetic rats and were reversed by insulin administration (21) . We could speculate that high levels of glutamine synthetase may contribute to the substantial alterations of glutamine and alanine metabolism observed in type 2 diabetes.
From our findings and previous reports, one might postulate a role for decorin and laminin in type 2 diabetes. Decorin and laminin are both structural proteins. It has been demonstrated that laminin and decorin levels are increased in hyperglycemia (22) . In addition, induction of diabetes in rodents leads to an increase in kidney decorin levels (23) . Further studies are required to clarify whether the increased levels of these proteins are a direct effect of the ambient high glucose or a primary defect in type 2 diabetes.
In this study, we identified four candidate genes truly modulated in omental adipose tissue of obese and type 2 diabetic patients. We studied their tissue distribution as well as their chromosomal localization. Database comparisons showed that three of these genes (DD19, 2040, and 3345) were represented as EST sequences and one (DD5) was a novel sequence not represented in the public databases. Expression of all the candidate genes was higher in adipose tissue than in other tissues, suggesting that their function is probably related to adipocyte metabolism. Two genes, DD5 and DD19, also showed a significant expression in muscle. The chromosomal localization studies showed that all of the candidate genes were mapped to chromosomal regions previously linked to the pathogenesis of obesity or type 2 diabetes, supporting an important role of our candidate genes in these diseases.
DD5 was mapped to the chromosomal region 6p21. Interestingly, TNF-␣, which is considered a candidate gene for obesity, has also been localized to that region (24) . TNF-␣ expression is increased in adipose tissue of both rodent models of obesity and obese humans, and a linkage between obesity and a marker near the TNF-␣ locus has been reported in Pima Indians (25) . Furthermore, recent data suggest a key role for TNF-␣ in the insulin resistance of obesity and type 2 diabetes (26). Although highly speculative, the chromosomal proximity of DD5 and TNF-␣ may suggest a role of DD5 in insulin resistance, something that needs to be further investigated. The chromosomal mapping of 2040 to chromosome 3, approximately in the telomeric region 3p25, is also interesting. Peroxisome proliferatorϪactivated receptor-␥ (PPAR-␥) has been mapped to the same region 3p25 (27) , within 1.5 mb of a suitable polymorphic marker that could be used in linkage analysis to evaluate a potential contribution of PPAR-␥ to lipid metabolism-related diseases (28) . One might speculate that the location of 2040 in the same region could also indicate a contribution of 2040 to lipid metabolism. DD19 was mapped to chromosomal region 2q34 -2q35. Significant linkage has been reported between chromosome 2, leptin levels, and fat mass (29) . A major susceptibility locus for type 2 diabetes has been identified by linkage analysis on chromosome 2 in a MexicanAmerican population (30) . Finally, 3345 has been mapped to chromosomal region 17p11. Recently, two loci on chromosome 17 have been linked to increased susceptibility to obesity in a Mexican-American population (31) . GLUT4, the gene encoding the insulin-responsive glucose transporter, has also been mapped to chromosome 17 (32) .
